Today SampleRate: bit rate adaptation in 802.11
wireless networks

Friday MRD: exploiting radio link diversity with
multiple access points

Monday ExOR: opportunistic routing in wireless mesh
networks

SampleWidth: channel width adaptation

Our approach

* System-building perspective
— Prototype implementations
— Experimental evaluations

* Think down to the physical layer

31 Feb Interference cancellation in 802.11/Zigbee — Gain insight into why, read critically
4th Feb The Viterbi algorithm
* “Take away” themes from this part of course:
Adaptation Opportunism Diversity
Today Background: what is modulation?

1. Background: digital communications
2. SampleRate [Bicket, MS ‘05]

The encoding of information into (only) the
amplitude (r) and phase (8) of a “carrier” signal.
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Digital modulation: pick a finite set of symbols;
stream of bits =» stream of symbols.

From bits to symboils...
Binary phase shift keying (BPSK)
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...and back to bits!

Received BPSK constellation
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From bits to symbols, 2x...

Quadrature phase shift keying (QPSK)
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...and back to bits, 2x!

Received QPSK constellation
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Change modulations, increase bitrate

Binary Phase-Shift Quadrature Phase-Shift 16-Quadrature Amplitude
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Map b=log, |C| bits per symbol time T

The wireless channel

s(t): signal reception: r(t) = s(t) + n(t)
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Signal to noise ratio (SNR)

BPSK, SNR =8 dB BPSK, SNR =20 dB
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Error control coding

source bits source bits
K bits l T K bits

Channel encoder Channel decoder
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Demodulation

n bits ¢ T L
Modulation (BPSK,

QPsK, ...)

Code rate: R=k/n

802.11: adapt code rate, modulation

Bit- | 802.11 DSSS | Modulation Bits | Coding | Mega-
rate | Stan- or per Rate | Symbols
dards | OFDM Symbol per

second
1 b | DSSS BPSK 1 1/11 | 11
2 b | DSSS QPSK 2 1/11 | 11
5.5 b | DSSS CCK 1 4/8 | 11
11 b | DSSS CCK 2 4/8 | 11
6 a/g | OFDM BPSK 1 1/2 | 12
9 a/g | OFDM BPSK 1 3/4 |12
12 a/g | OFDM QPSK 2 1/2 | 12
18 a/g | OFDM QPSK 2 3/4 | 12
24 a/g | OFDM QAM-16 4 1/2 | 12
36 a/g | OFDM QAM-16 4 3/4 | 12
48 a/g | OFDM QAM-64 6 2/3 | 12
54 a/g | OFDM QAM-64 6 3/4 |12

[Graphic: Bicket, MS thesis ‘05]

BER vs SNR
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Link/PHY checks packet integrity

Throughput = delivery rate x bitrate = (1 - BER)" x bitrate

Frame checksum: pass only entirely correct frames

Network |aye|- packet delivery rate = (1-BER)"

Link layer

| Physical layer J BER

* Change modulation
* Change coding rate

[Graphic: Bicket, MS thesis ‘05]

Packetized throughput

Throughput = delivery rate x bitrate = (1 - BER)" x bitrate
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Delivery rate vs BER

Throughput = delivery rate x bitrate = (1 - BER)" x bitrate
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BER vs SNR
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Packetized throughput

Throughput = delivery rate x bitrate = (1 - BER)" x bitrate
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Today

1. Background: digital communications
2. SampleRate [Bicket, MS ‘05]

Indoor network measurements
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Does faster always mean more loss?

OFDM vs DSSS OFDM vs OFDM
Indoor 802.11g Indoor 802.11g
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Gains from decreasing adaptation interval
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